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Abstract 



A plurality of resistors (11 - 17) serially connected with each other between a maximum voltage level "V" and a minimum 
voltage level "0" are provided to generate voltage-divided intermediate voltage levels "V2H", M V1 H", "V3L", "V2U\ the voltages 
having the voltage-divided intermediate voltage levels being supplied to a first group of operational amplifiers (19, 20) whose 
first stage input portions are formed of N -channel MOSFETs and a second group of operational amplifiers (21 , 22) whose first 
stage input portions are formed of P-channel MOSFETs. Frame signal FR for alternating-current-driving a liquid crystal display 
device is supplied to the operational amplifiers. When signal FR is in a state M 0", the first group of operational amplifiers are 
brought into an active state while the second group is brought into an inactive state. When signal FR is in a state "1", the first 
group of operational amplifiers are inactive. Under the condition that power down signal PD for non- use of the liquid crystal 



display device is generated, all of the operational amplifiers are controlled to be in an inactive state. 
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© A plurality of resistors (11 - 17) serially con- 
nected with each other between a maximum voltage 
level "V" and a minimum voltage level "0" are 
provided to generate voltage-divided intermediate 
voltage levels tt V2H w , "V1H W , n V3L", "V2L", the vol- 
tages having the voltage-divided intermediate volt- 
age levels being supplied to a first group of oper- 
ational amplifiers (19, 20) whose first stage input 
portions are formed of N-channel MOSFETs and a 
second group of operational amplifiers (21, 22) 
whose first stage input portions are formed of P- 
channel MOSFETs. Frame signal FR for alternating- 
current-driving a liquid crystal display device is sup- 
plied to the operational amplifiers. When signal FR is 
in a state "0 n , the first group of operational amplifi- 
ers are brought into an active state while the second 
group is brought into an inactive state. When signal 
FR is in a state "1", the first group of operational 
amplifiers are inactive. Under the condition that pow- 
er down signal PD for non-use of the liquid crystal 
display device is generated, all of the operational 
amplifiers are controlled to be in an inactive state. 
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The present invention relates to a liquid crystal 
display device driven by an alternating current, 
especially to a power source apparatus which is 
used for driving a liquid crystal display device and 
has four intermediate potentials between a maxi- 
mum potential and a minimum potential. 

A liquid crystal display device has an arrange- 
ment of a plurality of display dots, which are 
formed of cross points of a group of segment 
electrodes and a group of common electrodes. The 
liquid crystals between the two groups of elec- 
trodes are controlled in their crystal arrangement 
by means of potential difference between the 
groups of segment electrodes and the group of 
common electrodes in order to display images. 

Such a liquid crystal display device uses a 
dynamic driving control in which potentials set be- 
tween the segment electrodes and the common 
electrodes are generally reversed in polarity for 
each frame. For such a dynamic driving control, 
there are generally prepared power sources for 
providing four intermediate potential levels in addi- 
tion to a maximum potential power source and a 
minimum potential power source, the intermediate 
potential levels being obtained by dividing the po- 
tential difference between the maximum potential 
level and the minimum potential level into four 
parts. A power source having a suitable potential 
level is selected in accordance with a display data, 
and the voltage obtained by the selected potential 
power source is delivered and applied to the group 
of segment electrodes and the group of common 
electrodes. 

The four intermediate potential levels between 
the potential levels set by the maximum potential 
power source and the minimum potential power 
source are generated by a voltage dividing circuit 
which is formed by a combination of resistors. 

Fig. 8 shows a conventionally known power 
source circuit for driving a liquid crystal display 
device. This power source circuit is arranged such 
that any one of terminals V1 , V2, and V3 supplies, 
corresponding to frame signal FR, a power source 
output having a predetermined potential for A.C.- 
driving a liquid crystal display device. 

For instance, as apparent from the relationship 
shown in Fig.9 and the timing chart shown in 
Fig.12, the maximum potential level "V", the two 
intermediate levels "V2H n and W V1H W , and the 
minimum potential level w 0" are put out when 
frame signal FR is "0", whereas, when frame signal 
FR is "1", the maximum potential level "V", the 
two intermediate potential levels "V3L" and W V2L", 
and the minimum potential level "0" are put out. 
These potential level combinations are alternately 
generated whenever the frame signal changes be- 
tween "0" and "1". These potential signals are 
supplied through the segment output level select- 



ing circuit shown in Fig. 10 and the common output 
level selecting circuit shown in Fig. 11 to the seg- 
ment electrodes and the common electrodes of the 
liquid crystal display device. 

5 Fig.8 shows a 1/5 pre-biased power source 

circuit, in which resistors R1 and R4 are each set 
to 300 KQ, resistors R2 and R3 to 100 KQ, resistors 
r1 and r4 to 30 KQ, and resistors r2 and r3 to 10 
KQ. The dynamic chart shown in Fig. 12 shows a 

10 case of a 1/8 duty in which the number of common 
outputs is eight. The figure exemplary shows only 
one segment output among a plurality of segment 
outputs and only one common output among a 
plurality of common outputs. 

75 In such a power source circuit, clock signal <t>c 

formed of a pulse signal indicating a common 
selection signal switching timing, and lowers the 
output resistance of the potential dividing circuit at 
a moment of a common signal switching time so as 

20 to increase the response of the liquid crystals. 
Namely, the charging or discharging time of a- 
capacitance provided in the liquid crystal display 
device is made short by connecting resistors r1 - 
r4, which are lower in resistance value than resis- 
ts tors R1 - R4, in parallel with resistors R1 - R4 for 
dividing voltage V. 

However, a large capacitance is required for a 
liquid crystal display device having a large number 
of display pixels. Therefore, the output resistance 

30 of the voltage dividing circuit must be made suffi- 
ciently small, or a satisfactory display quality may 
not be obtained. However, if the output resistance 
of the voltage dividing circuit is made small, the 
problem of increase in power consumption will 

35 occur. 

Fig. 13 shows a circuit for making small the 
output resistance of the intermediate potential level 
power sources. In this circuit, operational amplifiers 
OP1 through OP4 are used to put out the voltages 

40 which are voltage-divided by resistors R1 - R5. 
This circuit shows a1/5 pre-biased case, and resis- 
tors R1 - R5 are made of resistance element hav- 
ing a same resistance value. However, in such a 
circuit which uses operational amplifiers, operation- 

45 al amplifiers OP1 - OP4 are always set in active 
condition, so that the power consumption at the 
operational amplifier portion is large. 

The object of the present invention is to pro- 
vide a power source apparatus for driving a liquid 

so crystal display device, in which the output resis- 
tance of its voltage dividing circuit can be set 
sufficiently small, and an image display having a 
good display quality may be realized. 

Another object of the present invention is to 

55 provide a power source apparatus in which the 
output resistance may be set sufficiently small, and 
the power consumption at the voltage dividing cir- 
cuit portion will surely be reduced. 
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In a power source apparatus for driving a liquid 
crystal display device in the present invention, the 
power source voltages with a plurality of voltage 
difference levels set by a voltage dividing circuit 
formed by a resistor circuit are put out through the 
operational amplifiers, the operational amplifiers 
being selectively rendered to be in an inactive state 
in accordance with frame signals. 

The plural operational amplifiers, which are ar- 
ranged for providing the plural intermediate poten 1 
tial levels and form the driving power source de- 
vice, are selectively rendered to be in an inactive 
state in a period of time when a potential having a 
potential level corresponding to any one of the 
operational amplifiers is not used as a liquid crystal 
driving power source, so that the electric current 
for operating the operational amplifier reduces. In 
addition, the presence of the operational amplifiers 
assures the reduction in output resistance, and the 
liquid crystal display device will be kept good in 
quality. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a circuit diagram of one embodiment of 
the present invention for explaining a power 
source apparatus for driving a liquid crystal dis- 
play device. 

Fig. 2 and Fig. 3 are circuit diagrams for show- 
ing concrete examples of an operational am- 
plifier which is a constituent of the above power 
source device. 

Fig. 4 is a circuit diagram for showing concrete 
example of a bias voltage generator which is a 
constituent of the above power source device. 
Fig. 5 is a diagram of signal waveforms for 
explaining the operation condition of the above 
power source device. 

Fig. 6 and Fig. 7 are circuit diagrams respec- 
tively showing another examples of the oper- 
ational amplifiers shown in Fig. 2 and Fig. 3. 
Fig. 8 is a circuit diagram for showing an exam- 
ple of the conventional power source circuit. 
Fig. 9 is a table for explaining a voltage level 
generating condition of the circuit shown in 
Fig.8. 

Fig. 10 and Fig.11 respectively show circuit ex- 
amples of a liquid crystal driving portion into 
which driving power source voltage is supplied. 
Fig. 12 is a timing chart for explaining the con- 
dition of the liquid crystal driving power source 
voltage. 

Fig. 13 is a circuit diagram for showing another 
example of the conventional power source cir- 
cuit 

The embodiment shown in Fig. 1 is a power 
source circuit which is formed of a C-MOS in- 



rated circuit and is applied to a driving device 
which is incorporated in a one-chip micro computer 
to drive a liquid crystal display device of the com- 
puter. Voltages having different intermediate levels 
5 generated by the power source circuit are respec- 
tively put out from points V3, V2 and V1. The 
voltages put out of points V1 and V3 are supplied 
to a segment output level selecting circuit shown in 
Fig. 10, whereas the voltage put out of point V2 is 
10 supplied to a common output level selecting circuit 
shown in Fig. 11. 

Between a highest potential power source line 
to which a highest potential V is set and a lowest 
potential power source line to which a lowest po- 
75 tential 0 is set is connected a voltage dividing 
circuit 18 which is formed by serially connecting 
resistors 11 and 12, resistors 13-15, and resistors 
16 and 17. A voltage having a voltage level "V2H B 
is put out of a connecting point between resistors 
20 11 and 12, a voltage having a voltage level "V1H" 
is put out of a connecting point between resistors 
12 and 13, a voltage having a voltage level "V3L" 
is put out of a connecting point between resistors 
15 and 16, and a voltage having a voltage level 
25 "V2L n is put out of a connecting point between 
resistors 16 and 17. These voltage outputs are 
respectively supplied to operational amplifiers 1 9 to 
22. Outputs from operational amplifiers 19 and 22 
are put out as voltage V2, an output from oper- 
30 ational amplifier 20 is put out as voltage V1 , and an 
output from operational amplifier 21 is put out as 
voltage V3. The lowest potential power source line 
is grounded through N-channel MOS transistor 23. 
Resistors 13 to 15 are treated as one group. 
35 They respectively have parallel connected ana- 
logue switching circuits 241 to 243 which are ON- 
OFF controlled by signals BO to B2. A composite 
resistance value of resistors 13 to 15 is set by 
signals BO to B2. Signals BO to B2 are each an 
40 output of a processor portion, not shown in any of 
the drawings, and pre-bias values to be supplied to 
liquid crystals may be set by a program. 

Operational amplifiers 19 and 20 are construct- 
ed such that an N-channel MOSFET is used at 
45 their respective first stage input portion. Operation- 
al amplifiers 21 and 22 are constructed such that a 
P-channel MOSFET is used at their respective first 
stage input portion. Fig.2 shows a circuit of an 
exemplary embodiment for each of operational am- 
so plifiers 19 and 20. Fig. 3 shows a circuit of an 
exemplary embodiment for each of operational am- 
plifiers 21 and 22. 

Each of operational amplifiers 19 to 22 has an 
OFF-signaJ input terminal, and is rendered to be in 
55 an inactive state, where its power consumption 
becomes zero, by a signal supplied to the OFF- 
signal input terminal. When the operational amplifi- 
ers are rendered to be in the inactive state, their 
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output terminals become high in impedance. 

Each of operational amplifiers 19 to 22 has a 
voltage follower structure in which its output returns 
to the inverted side (-) input terminal. When these 
operational amplifiers are in an active state, the 
voltage level applied to their non-inverted side ( + ) 
input is put out as a low output impedance. 

The operational amplifier shown in Fig. 2 as an 
example of each of operational amplifiers 19 and 
20 has differential stage 31 and output stage 32, 
and its electric current is cut off by transistor 33. Its 
first stage input portion is formed of N-channel 
MOSFETs 36 and 37. The operational amplifier 
shown in Fig. 3 as an example of each of oper- 
ational amplifiers 21 and 22 also has differential 
stage 41 and output stage 42, and its electric 
current is cut off by transistor 43. Its first stage 
input portion is formed of P-channel MOSFETs 46 
and 47. 

Bias voltage generator 27 generates N-bias 
voltage Nb and P-bias voltage Pb. It supplies gate 
bias voltage Nb to N-channel transistors 34 and 35, 
both of which contribute to a constant current op- 
eration in the inside of the operational amplifier 
shown in Fig. 2 as an example of each of oper- 
ational amplifiers 19 and 20. It also supplies gate 
bias voltage Pb to P-channel transistors 44 and 45, 
both of which contribute to a constant current op- 
eration in the inside of the operational amplifier 
shown in Fig. 3 as an example of each of oper- 
ational amplifiers 21 and 22. Fig. 4 shows an exem- 
plary embodiment of bias voltage generator 27. 

The processor which is not shown in any of the 
drawings generates power down signal PD for con- 
trolling a display power source. Power down signal 
PD is supplied to the power source circuit shown in 
Fig. 1. When power down signal PD is "1", N- 
channel transistor 23 is cut off, and first to fourth 
operational amplifiers 19 to 22 are rendered to be 
in an inactive state by means of OR-gate 25 and 
NOR-gate 26. When power down signal PD is 
further supplied to bias voltage generator 27, power 
consumption in generater 27 will be reduced, so 
that the power consumed by the liquid crystal 
driving circuit will be reduced. 

Power down signal PD becomes "1 " under the 
condition that a display function is not used in the 
liquid crystal display device. Power consumption in 
the display system therefore will be reduced by 
signal PD. 

In voltage dividing circuit 18, the resistance 
value of each of resistors 11, 12, 16 and 17 is set 
to be R, and the composite resistance value of 
resistors 13 to 15 is denoted by r. Intermediate 
voltage levels supplied to non-inverted side ( + ) 
input terminals of operational amplifiers 19 to 22 
are denoted by "V2H", "V1H", "V3L" and "V2L". 
Then intermediate voltage levels may be ex- 



pressed as follows: 

V2H = {(3R + r)/(4R + r)} ■ V 
V1H = {(2R + r)/(4R + r)} # V 
5 V3L = {(2R)/(4R + r)} * V 
V2L = {R/(4R + r)} • V 

The value of the pre-bias may be expressed as 
follows: 

10 

{R/(4R + r)} • V 

In the embodiment, "R = 200 KQ", and resistors 
13 to 15 are respectively set to 400 KQ, 200 KQ 

75 and 100 KQ. An ON-resistance of each of analogue 
switches 241 to 243 for short-circuiting resistors 1 3 
to 15 is set sufficiently smaller than the resistance 
values of resistors 13 to 15, so that it is possible to 
consider it "0". Therefore, the composite resis- 

20 tance value r of resistors 13 to 15 may be selected 
from "0Q", where signals BO to B2 are all in a "0" 
level, to 700KQ, where signals B0 to B2 are all in a 
"1 rt level, and may be fixed to the selected value. 
Namely, it is possible to select a pre-bias value 

25 from V/4 to V/7.5. 

Frame signal FR is a signal for making the 
liquid crystal application voltage into an alternating 
current, and an alternating signal having a duty 
ratio of 1/2 is supplied when power down signal PD 

30 is "0". 

During a period when frame signal FR is "1", 
first and second operational amplifiers 19 and 20 
are rendered to be in an inactive state, whereas 
third and fourth operational amplifiers 21 and 22 

35 are set to be in an active state. In this condition, P- 
channel transistor 28 is cut off, and N-channel 
transistor 29 is turned on. Therefore, output V1 has 
a "0" level, V2 has voltage level W V2L W , and V3 has 
voltage level "V3L". 

40 In contrast, during a period when frame signal 

FR is "0", first and second operation amplifiers 19 
and 20 are set to an active state, whereas third and 
fourth operational amplifiers 21 and 22 become an 
inactive state. P-channel transistor 28 is turned on, 

45 and N-channel transistor 29 is cut off. Therefore, 
terminal V1 puts out voltage level "V1H", V2 puts 
out level n V2H", and V3 puts out level "V". 

The relationship between frame signal FR and 
terminals V1 to V3 is shown in Fig. 5. In the 

so example shown in Fig. 5, resistance value R for 
resistors 11, 12 and resistors 16, 17 is set to be 
equal with composite resistance value r of resistors 
13 to 15. What is shown in Fig.5 is an example in 
which intermediate voltage levels are obtained at a 

55 1/5 pre-biased condition. 

The structural examples of an operational am- 
plifier in which an inactive state can be set in 
addition to those examples shown in Fig. 2 and 
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Fig. 3 are shown in Fig. 6 and Fig. 7. In these 
figures, the parts corresponding to structural ele- 
ments of Figs. 2 and 3 are denoted by the same 
numerals. 

The power source device having the above 
structure makes it possible to obtain a display 
quality which is equal to that obtained by a liquid 
crystal driving power source circuit using as its 
buffers operational amplifiers OP1 to OP4 shown in 
Fig. 13, and to make its power consumption almost 
half of power consumption consumed by the circuit 
shown in Fig. 13. In a voltage dividing circuit shown 
in Fig. 8, at least four resistors (a group of r1, r4, 
R1 and R4, or a group of r2, r3, R2 and R3) must 
be simultaneously changed to change the pre-bias 
value to be applied to the liquid crystals, so that 
the amount of circuit elements will increase for 
performing a pre-bias value control by means of a 
software. In contrast, in a circuit shown in Fig. 1, 
the same purpose can be achieved only by chang- 
ing a composite resistance value of resistors 1 3 to 
15 using instruction signals BO to B2. Therefore, 
the pre-bias value can be freely set by means of a 
software control function. 

Claims 

1. A power source appratus for driving a liquid 
crystal display device in which a voltage divid- 
ing circuit (18) for voltage-dividing a maximum 
voltage level n V" and a minimum voltage level 

to generate a plurality of intermediate volt- 
age levels "V2H n , "V1H", "V3L", "V2L" need- 
ed for the liquid crystal display device, the 
voltages having the intermediate voltage levels 
being put out through a plurality of operational 
amplifiers (19-22) as outputs V1 to V3, char- 
acterized in that 

said plurality of operational amplifiers are 
classified into a first group and a second 
group, switching signal (FR) for alternating- 
current-driving said liquid crystal display de- 
vice sets one of the first and second groups 
into an active state while the other of the 
groups into an inactive state, and outputs from 
the operational amplifiers classified into the 
group which is set to the active state are 
supplied to segment electrodes and common 
electrodes of the liquid crystal display device. 

2. An apparatus according to claim 1, character- 
ized in that said voltage dividing circuit is 
formed of a plurality of resistors (11 - 17) 
serially coupled with each other, those resis- 
tors (13 - 15) that are arranged at a central 
portion of the plurality of resistors form a set of 
composite resistors, the plurality of resistors 
forming the composite resistors are each par- 



allel coupled with a switching circuit, and a 
value of each of the composite resistors is 
variably set under control of the switching cir- 
cuits. 

5 

3. An apparatus according to claim 1, character- 
ized in that said voltage dividing circuit is 
formed of a first resistor (11), a second resistor 
(12), a third group of resistors (13 - 15), a 

w fourth resistor (16), and a fifth resistor (17), all 

of which are serially connected with each other 
between the line for the maximum voltage level 
"V" and the line for the minimum voltage level 
n 0 w , voltage outputs having intermediate volt- 

75 age levels "V2H", M V1hT, M V3L*\ and "V2L" 

are obtained from connecting points between 
each of the resistors and the group of resis- 
tors, and the voltage outputs are respectively 
supplied to the operational amplifiers (19 - 22). 

20 

4. An apparatus according to claim 3, character- 
ized in that said group of resistors is formed of 
a plurality of resistors (13 - 15) which are 
respectively parallel connected with switching 

25 circuits (241 - 243), a composite resistance 

value of the third group of resistors is deter- 
mined under control of the switching circuits 
so that a pre-bias value is determined. 

30 5. An apparatus according to claim 1, character- 
ized in that said plurality operational amplifiers 
are each formed to have a voltage follower 
structure in which their respective outputs re- 
turn to their respective input sides. 

35 

6. An apparatus according to claim 1, character- 
ized in that said plurality of operational amplifi- 
ers (19 - 22) are formed such that they are 
classified into a first group of operational am- 

40 plifiers (19, 20) and a second group of oper- 

ational amplifiers (21 , 22), first stage input por- 
tions of the first group of operational amplifiers 
are formed of N-channel MOSFETs (36, 37), 
and first stage input portions of the second 

45 group of operational amplifiers are formed of 

P-channel MOSFETs (46, 47). 

7. An apparatus according to claim 1, character- 
ized in that said switching signals are formed 

so of frame signals (FR) which reverse at every 

display frame unit. 

8. An apparatus according to claim 1, character- 
ized in that said operational amplifiers (19 - 

55 22) are set to be in an inactive state while 

power down signals (PD) for instructing a con- 
dition that a display function of the liquid cry- 
stal display device is not used are kept sup- 
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plied. 

9. An apparatus according to claim 1, further 
comprising a bias voltage generator (27) for 
generating and supplying bias voltage to said 5 
operational amplifiers (19 - 22) as bias 
volatege, the bias voltage generator is set to 
be in an inactive condition by the power down 
signal (PD) which is generated under a con- 
dition that a display function of the liquid cry- 10 
stal display device is not used. 
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